Introduction
In most hypertensive subjects, blood pressure (BP) shows minimal variation from a supine to standing position due to an autoregulatory mechanism, even in elderly individuals. Orthostatic hypotension (OHYPO) is often found in older hypertensives with autonomic nervous dysfunction, and has been shown to contribute to dizziness, falls, syncope, and coronary heart disease (1, 2) . On the other hand, there have been only a few reports on orthostatic hypertension (OHT), defined as a greater BP increase from a supine to standing
Methods

Patients
We studied a total of 86 outpatients (mean age, 67.6 years; range, 48-86 years), 59 of whom were hypertensive and 27 of whom were normotensive. This study was performed from December 1996 to May 1997 in Saga Prefecture, Japan. Hypertensive patients were consecutively selected according to the following criteria: 1) diagnosis of essential hypertension with an average clinic systolic BP (SBP) of ≥140 mmHg and/or average clinic diastolic BP (DBP) of ≥90 mmHg (average for each patient on two or more occasions); and 2) age of 40 years or greater. No patient had taken any antihypertensive medication for at least 14 days before the HUT and ambulatory BP monitoring (ABPM) study. We did not include subjects with possible diabetes mellitus (fasting glucose >110 mg/dl and/or hemoglobin A1c >6.2%), renal failure, hepatic damage, secondary or malignant hypertension, ischemic heart disease or other cardiac disease, congestive heart failure, arrhythmias including atrial fibrillation and other arrhythmias, stroke (including transient ischemic attacks), or other severe concomitant disease. Written informed consent was obtained from all subjects. This study was approved by the Research Ethics Committee, Department of Cardiology, Jichi Medical School, Japan.
Study Protocol
After BP and pulse rate (PR) were measured with an interval of 1 min at baseline and after the subjects had been in a supine position for 10 min, they were positioned upright on a tilt table at an angle of 70 º for 15 min. Two patients who developed presyncope during HUT were not included in this study.
For all patients, orthostatic BP and PR change were calculated as follows: the average value over the 2 to 9 min during tilting (8 points) minus the average in the supine position during the 1 to 5 min just before the tilting (5 points). We classified hypertensive patients into 3 groups, an OHT group with orthostatic SBP increase ≥10 mmHg (n 16), an OHYPO group with orthostatic SBP decrease ≤ 10 mmHg (n 18), and an orthostatic normotension (ONT) group with neither of these two patterns (n 25). A group of 27 normotensives (NT group) was also included as a control.
In our previous study, the correlation coefficients of the orthostatic BP increases in the first HUT and second HUT were 0.61 for SBP and 0.47 for DBP (both p<0.001) in the 55 hypertensives (6) . Of the 13 OHT patients with an orthostatic SBP increase of >20 mmHg in the first HUT, 10 (77%) had an orthostatic SBP increase of >10 mmHg. Therefore, the reproducibility of the HUT of our protocol was relatively good. However, the reproducibility of the BP change remains to be established in a future study.
Measurement of BP and Heart Rate
Clinic BP was measured after resting for at least 5 min in the sitting position by a single physician with a standard mercury sphygmomanometer at each clinical visit. An automatic ABPM with electric-powered cuff inflation (TM2421; A&D, Tokyo, Japan), which recorded BP and PR every 30 min for 24 h, was used. This device was attached just after the tilting test. The ambulatory BP data were obtained using the oscillometric method. Each subject recorded his or her own daily activities.
Brain MRI
Brain MRI was carried out in 41 of the 59 hypertensives (69%) and in 13 of the 27 normotensives (48%) using a superconducting magnet with a main strength of 0.5 T (MRT50GP, Toshiba, Tokyo, Japan) within 3 months of their HUT and ABPM. We performed brain MRI for those who agreed. The brain was imaged in the axial plane at a 7-mm slice thickness. T1-weighted images were obtained using a short spin-echo pulse sequence with a repetition time of 470 ms and an echo time of 15 ms. T2-weighted images were obtained using a long spin-echo pulse sequence with a repetition time of 4,000 ms and echo time of 120 ms. The matrix size was 256 256 pixels. A silent cerebral infarct (SCI) was defined exclusively as a low signal intensity area (≥ 3 mm, but all were <15 mm in size) on T1-weighted images that was also visible as a hyperintense lesion on T2-weighted images. The MRI images of the subjects were randomly stored and interpreted by reviewers blind to the subjects' names and characteristics. The interclass (non-SCI 0, one SCI 1, multiple SCIs 2) κ statistics were 0.70 and 0.80 for intereader and intrareader, respectively, in our laboratory (6). Patients with 3 or more SCIs were considered to have multiple SCIs. Periventricular hyperintensity (PVH) was considered present if visible as a hyperintense area on proton-density and T2-weighted images, without prominent hypointensity in T1-weighted scans. Advanced PVH was defined as a PVH grade ≥ 3, as described previously (7).
Neurohumoral Factors
Blood collection was performed after 10 min in the supine position just before the tilting, and after 15 min of tilting in all 86 subjects. Blood samples were immediately centrifuged at 3,000 rpm for 15 min, and plasma was decanted and stored at 80 ºC until analysis. Catecholamines were measured with high-pressure liquid chromatography (Hitachi, Tokyo, Japan). Antidiuretic hormone (ADH) levels were determined using a competitive radioimmunoassay (Mitsubishi Kagaku, Tokyo, Japan). The N-terminal component of proatrial natriuretic peptide (NT-ANP) and brain natriuretic peptide (BNP) were measured from unextracted plasma using highly sensitive, noncompetitive immunoradiometric assays (Shiono-RIA; Shionogi Inc., Osaka, Japan). All these assays were performed at the Special Reference Laboratory (Tokyo, Japan).
Other Measurements
The body mass index (BMI) was calculated as weight (kg)/ height 2 (m 2 ). The left ventricular (LV) wall thickness and LV end diastolic and systolic diameters were measured with an ultrasonic echocardiograph (SSD 500CV, ALOKA, Tokyo, Japan). LV mass index (LVMI) was calculated using the formula introduced by Devereux (8) .
Statistical Analysis
All statistical analyses were carried out using Stat View software, version 5.0 (SAS Institute Inc., Cary, USA). The χ 2 test was used to calculate proportions. One-way analysis of variance (ANOVA) was performed to detect differences in mean values among groups. After ANOVA, Fisher's PLSD test was performed to detect differences in mean values among the four groups (OHT, ONT, OHYPO and NT group). These data are expressed as the mean SD or prevalence. Values of p<0.05 were considered to indicate statistical significance.
Results
Clinical Characteristics of Patients
As shown in Table 1 , age was the highest in the OHYPO group, followed by the OHT, ONT and NT groups, but was not significantly different among groups. BMI was the highest in the OHT group, followed by the OHYPO, ONT and NT groups. LVMI was higher in the OHYPO than in the ONT and OHT groups, but these differences were not significant. BP parameters were not significantly different among the 3 hypertensive groups but were significantly lower in the NT control group. The SD of daytime SBP was not significantly different among the 4 groups (mean SD of daytime SBP: OHT 20 7 mmHg; ONT 18 5 mmHg; OHYPO 17 5 mmHg; NT group 17 5 mmHg). SBP before tilting was the highest in the OHYPO group, followed by the ONT, OHT and NT groups. SBP change by tilting was significantly higher in the OHYPO and OHT than in the ONT and NT groups (Fig. 1A) .
Neurohumoral Factors
As shown in Figs. 1B and 2, plasma BNP and the BNP/atrial natriuretic peptide (ANP) ratio were significantly higher in the OHYPO than in the NT group. The BNP/ANP ratio was also significantly higher in the OHT than in the NT group. There were no significant differences in resting ANP, PRA, adrenaline, noradrenaline, or ADH among the four groups. There were also no significant differences in the after/before tilting ratio of these parameters (data not shown.).
Silent Cerebrovascular Lesions
In Figs. 1C and 3 , the average number of SCI per person was significantly higher in the OHT than in the NT and ONT groups. The average number of SCI was the highest in the OHT, followed by the OHYPO, ONT, and NT groups. The prevalence of SCI was significantly higher in the OHT than in the ONT or NT groups. The prevalence of multiple SCIs was significantly higher in the OHYPO and OHT than in the NT group. The prevalence of advanced PVH (data not shown) was the highest in the OHT, followed by the OHYPO, ONT and NT groups, but the differences were not statistically significant.
Discussion
In this study, we enrolled 59 uncomplicated older hypertensive patients whose daily activities and neurological status were normal, and 27 age-and gender-matched NT controls.
The most important finding was that the OHT and OHYPO subjects showed higher plasma BNP levels and advanced SCI independent of the 24-h BP in an uncomplicated hypertensive population. Twenty-four hour BP level is a powerful independent determinant of LV hypertrophy (9, 10) . In the present study, we determined the BNP levels based on the difference in orthostatic BP change independent of 24-h BP levels. The fact that clinic BP and 24-h BP levels were similar among the different orthostatic groups may have been due to differences in the measurements of BP intervals. Orthostatic BP is useful for making short-term estimates of BP variability, whereas we used ABPM to estimate BP at 30-min intervals.
In previous reports, the clinical usefulness of a HUT has been documented (11, 12) . Frohlich et al. studied a group of persistently hypertensive patients both in recumbent and standing postures and found that those whose orthostatic rise in DBP was greater than normal also showed excessive increases in peripheral resistance during tilting and excessive increases in DBP after Valsalva maneuver (11) .
Cardiac Overload
BNP is a sensitive indicator of LV mass (13), ventricular wall stress (14) and hemodynamic pressure overload (15) before the development of LV hypertrophy (16) , and so is BNP/ANP ratio (17, 18) . In our study, BNP was significantly greater in the OHYPO than in the NT group, and the BNP/ANP ratio was also greater in the OHYPO and OHT groups than in the NT group (Figs. 1B and 2 ). This indicates that hypertensive patients who have a greater orthostatic BP change have cardiac overload, irrespective of their similar 24-h SBP levels. Although SD of daytime SBP and other background characteristics were not significantly different among the 4 groups, very short term BP variability with postural change might have affected cardiac overload. The relatively higher LVMI in the OHYPO group compared to the OHT and ONT groups may indicate longstanding cardiovascular overload. In our previous report, the OHT and OHYPO subjects had a higher frequency of ECG-LV hypertrophy (6) . Frequent episodes of BP variability during daily activities may contribute to cardiac overload and future clinical events (1, 19, 20) .
Salt intake status and body fluid volume affect ANP and BNP levels in essential hypertension (21) . Because we do not have any data on salt intake, fluid intake, or body fluid status to assess ANP and BNP in this series, we consider this one of the study limitations.
Silent Cerebrovascular Lesions
The prevalence of SCI in hypertensive patients (n 41) was 53.7%, and in the NT group (n 13) the prevalence was 31%. In our hypertensive population, the prevalence of SCI was comparable with that of other previous reports (ranging from 41% to 54%) (6, 7, 22, 23) .
The prevalence of SCI was highest in the OHT group, followed by the OHYPO, ONT and NT groups. In the OHYPO group, the prevalence of multiple SCIs was higher than the prevalence of only one or two SCI. This is because the percentage of patients with multiple SCIs was relatively higher among OHYPO patients with SCI (6 of 7 patients) than among OHT patients (5 of 9 patients). We have recently shown the U-curve relationship between orthostatic BP change and SCI (6) . Although the characteristics of the subjects studied were different from those in our previous report, we confirmed that OHT was a strong risk factor for SCI and multiple SCIs. Although the mechanisms of the association between orthostatic BP dysregulation and higher prevalence of SCI remain unclear, we suggest that a hemodynamic mechanism contributes to the higher prevalence of SCI. Previous reports have also shown that OHYPO, which is associated with a greater prevalence of multiple SCIs and LVMI, is also associated with higher risk for cerebrovascular damage (24) .
Furthermore, we found a higher prevalence (36%) of advanced PVH in the OHT group than in the other groups. Advanced PVH is common in older persons, but is considered to be a pathological feature associated with increased risk for the onset of dementia, cognitive impairment, stroke or death (25) . Higher SBP variability has been shown to be a contributing factor to the development of PVH (26) and cognitive impairment (27) . Our results are consistent with these previous findings.
The Pathophysiologic Difference between OHT and OHYPO
BP increase on standing heightens α adrenergic reactivity (6) to orthostatic stress, leading to an accentuated increase in vascular resistance and BP that may be due, at least in part, to the increase in baroreflex sensitivity. However, previous studies have reported that resting sympathetic activity was lower in patients with orthostatic hypertension than in those with orthostatic hypotension (6, 28) . Orthostatic hyper-tension has been associated with silent cerebrovascular disease (6), carotid intima-media thickness (29) , and future development of hypertension in young adults with normal BP (28) . In the present study, SBP before tilting was lower in OHT subjects (141 mmHg) than in the other 2 hypertensive groups. This result is consistent with previous reports (5, 6) . SBP levels before tilting in OHT subjects were within normal range. The clinic BP and 24-h BP were similar among the OHT, ONT and OHYPO groups in the present study, and were also similar among these three groups in previous studies (5, 6) . In patients with OHT, there may be a significant increase in BP in a sitting or standing position in daily life. Although sympathetic activation can be driven by a standing position in OHT, sympathetic activity and BP in a recumbent position may be relatively lower in patients with OHT than in those with ONT or OHYPO (6) .
In a previous study, baroreflex sensitivity was reduced in OHYPO (30) as well as essential hypertension (31) . Reduction of baroreflex sensitivity is a normal phenomenon by aging and that contribute to a decreased responsiveness to sympathetic stimulation but that is affected by underlying diseases or the medication status. Masaki et al. reported an association between orthostatic hypotension and several frailty measures (32) and showed that orthostatic hypotension is a marker for causes a general lessening of physical strength (32) . Teramoto reported a pathophysiological overlap between postprandial hypotension and OHYPO, involving such effects impaired vasoconstriction, increased vascular wall rigidity, decreased baroreflex function and increase in potential dehydration (33) .
By beat-to-beat analysis of the orthostatic change in blood pressure, OHT might demonstrate a transient dip in BP prior to the orthostatic increase of BP (although this has not yet been reported). Such a dip could become a trigger for an orthostatic rise of BP through responsive sympathetic nervous system overshoots.
In our study, a higher prevalence of females and obese patients was observed in the OHT group. Sympathetic reactivity to postural change might be increased in these patients. Factors associated with exaggerated sympathetic reactivity have been reported in young persons, in men, in obese persons, and passively in black persons (28) . There is also a previous report (5) that the rate of OHT was higher in females than males.
In conclusion, individuals who have greater orthostatic change of BP were shown to have higher plasma BNP levels and higher prevalence of SCI, which implies cardiovascular overload in hypertensive subjects.
